BEBHASE  [BRIKRMN)

5208 IR 2009%F 57

02

Cognitive Radio 7| = ¥ #=3t 5

I.ME

Ag 71&9 FRA B @A due] o] &
Q7F (29 1]ol =AIZE Bhe} o] HA thegsE
ik 19803t 7A ok sl = At dbdolu} FAld
Z23 Al2so] ok 1990l tiAE 4 7
o] B4 AsHA W FA
A, obA, 2ok A 87
2 2 u-citydl 271744 AMmpe] A o g2 A
&0 Z7lE Utk

T ol9h 7ho] uyokdtA AMgEE FuE A

e 74 71e9 wdd A F2E SEked

Hle] 292 a4 o] Q) weld Y A4
S EEHOT 04T F UE TH Vlee NES
ofof g}, &, F3¢ A FF NEE FIT
2 2 ddol AgslEH AHEYY o429 A
T4l uh o] okparadigm shift) e}, dxje 2HE

g olg Y Mg 2 542 uHARAA B

7 o) &HA(exclusive rights) F+ TS AR

[28 1] Ase) Thebet ol &

k. wEhy 7189 514 o]§d AxedA Fu
F AL TR AT 71eAd WS A
Eqje] 27dnh

Fo A F4 712 (18 200 2 vt
7o) () B2 AY WL 71E Mulzd Ml &
A 3 A EYE FH3he easement B T (ii)
secondary user7} 13+ WEARTL AMEIA G A
$o Fub A9 BEahe RYE v ook &
th o] 7%, 24 o] &AE 14 WEHAANA &
FA| grolok gtk

o] Zo| M cognitive radio 7]&-2 spectrum overlay
NEEA 12 B8l dA7E AHLEA e AT se-
condary userZM AHEEH= case ii)ol s FE T 1
I easement WHH Y o2& W& AHE ARS-sto] A
g702 7He] gl AGlA AHE-Ee spectrum
underlay 71€¢! UWB(Ultra-Wide Band)7} $ith.

B golE MEd olof 273 A cognitive radio
71$& 27081, 37l ME A IEEE 8023 9o A
ZAEH TV white space?l A1 9] CR 719 $-&of thst
of 7]1&3th 43 AE CR 714S o] &3t WRAN
(Wireless Regional Area Network) service & A 33171
95te] [EEE802.22 working groupolAl EF3E F

4t

rou

[T& 2] Spectrum access model



£1--Cognitive Radio 7|& ¥ ¥&3 &

Asty Y WL FH ECMA E28E Alsty, 57
o4 AES Y=ok

II. Cognitive Radio 7|&

)= AFEA AFake] NTIA(National Telecommuni-

cations and Information Administration)®] A= CR 7]

Maximum Amplitudes

4 Usge.
¥

Amphidue (dBm)

+

L 1

Frequency {MHz)

Lo

Sowce: FCC. Spectrum Poicy Task Force, Technology Advisory Council (TAC) Briefing
(December 2002}

(23 3] WF49 29EY ol B8 24 A=

Software Radio
g
Programmable [ ‘\Videbatd _ Wideband RF
Processor(s) AD.D A | Conversion

).

%] (] [viw-unn] [ [Py deer 2 9N [viR]

204z 28 e 460 sGei: 13 QL 25

Pt “o O -
Callular Mebila goog 0

rekser  [|[] g 0 I
Softvare

b [(Veriow Bana | 1w | [36d Bana High Band |

83 6 MG

gaee

=& A 335 4, o|2REH F471719 53
FHH B E A5 E 2T O ZMN system operation
£ W7ste 71872 A5t Atk A7) system
& W, A A AL
43 &4, secondary market access 52 YA =Th
o] FollA FaF 24U TEAH o] Lo A
€2 secondary market access©] Tk ©]E YN E &
A AFE upeh Zo] 13 o] § ATt AR A Y F
g Folr Hlo] Qle AlZbul o] FuiE o) &
8= dynamic spectrum access 7]€0| 235t} [1¥
3190 vhebd who} Zro] Sty Fa] o] 3 HFS
Z43] BHY o9 o]& Tgo] HFAH2ZE 30 %
St YEY Slth mhebA ol §HA X e F
oG LS Fotr ol & AT Fug A
BE J4S A5y 34 19T Rejnk
[2% 4914 HEo] CR 7142 SDR(Software De-
fined Radio) 71¥te) 74 £4l 714 S EUZ cogni-

operation> A&

+
JL
=

ane®

1. Mitole: “Software Radio: Technology end Prognosis”

(RKRL Frames ‘4————*{ Model-Based Reasonng i

Proc, IEEE National Tejesvstems Conference 1992
“Software Radio Architecture”
1EEE Communications Magazine, May 1995

Cognifive Radio, Licentiate Thesis,

KTH (Royal Institute of Technology), Stockholm

Antenna Modem e
INFOSEC Spatinl &
User Interface HBambmd l—‘ Spat
( - Temporal
Knowledge

[12 4] Cognitive radio 719 %



BREBRIKPEE $20% 3R 2009F 58

tion 71&< HEst] @dAAIZ 7Igolth SDR 7l
< FHAT F3g el QX% %W‘-’ﬁ AZAGE
g & e FEHAE EUE softiwareE download
dobr e 715e Fech B A4 s
< FHY HJHE AEHOE FHs 248 T
gHHA T gl e A Ee AFE Tieol
k. o]gld F 7|@o] HEdd @A CR Ve
AAF A FHY AHEJS A o Sl
Ad AR E FEat] FAE 3 N1eRA 1A E
WAt A Fa5E AHee e QAEA
IZ} ]Q-ZMW VS% FA g1 g Fis 0y
715& 98t CR
FUAE F713 2
2 quiet perioda‘ Fol 3% F3+9] incumbent user
7h AR A A = Aol tidte] F4E stedof gt In-
cumbent user’t A EHEH Fo1 A7+ oflfje] ThE
AR o] 53t AMEEAR] ofUW AME-E FA]3
ofof gt
[14 5] CR AA7F 29 EYE 54
7bse Fo B&5S BEUlE A8 A S I8
I itk 2719 o] AAE R FuTE
F2¢] incumbent user’} ©] FoFE AME3lE B o]
€ 2H9EY S 39 2 ]'}1 F4 Fai5E o]
Tt B ‘Sgﬂ‘:} o] A%, Fug
RET HOEE Y2 Fa g Fe HF A

F
A o
342 2YHA BAE B, A20] AkAH 7

R
o
LiD
rSL'
o

[38 5] CR #A12 dynamic spectrum access

54 e Zo] B% WolAW (R AAE e A
$ 7142 A8l 4% §32 9% 7197 20
oI5} o] CRAAE Wl B Fe] weba A
$HoZ BNNL E# 2ol WS B4 52
799 37

AHE o]&3lo AXE Aofgit),
[I¥ 6] cognitive AX7F 523171 93 cycle
< UeMTh CR BA & F71H0E 9 8748 &
Z(observe) Sttt 97114 A& HEE BAF AA

£ st fie ARE A orient) A AE

& W&ol 2™ | & learning processE 3+ up-
dateN)7) 3, Eo]8 Abglo] Gl ALdl= HAAQ
ASoe A8 (plan) TAE AX AYE FPET
(decide) TA1S 3 3THAct). Orient THAI] A 71 g3t
Fgo] BAFAE ol & FA APk dE Eo &
QE o] g7t ARG E Eoj7tA AA EAEE=
NE7 147 kA= A #ao A E A2 3]

HA? ofHd 7 A(dE EH WLAN)E &
T ezt Ak WHE AFstedok gt o
A Alo] &g EUE £39 M2 FHY 7|E9

ARE %o, learning algorithm & %3}

AL e

Infer from Context
QOrient Infer from Radio Model
Amblish Priority_

Pre-process Nermal
~

Select Alternate

Parse Stimuli Goals
Uent — Plan

{ Immediate

/Usex Drive eu. ‘

Autonomous ~ (Buttons)

Grenerate “Best”
Waveform

Act

Allocate Resources
Initiate Processes
Negatiate Protocols

[O8 6] Cognition cycle



et

E%)--Cognitive Radio 7|2 % EXst &

o] T8 F94 T o2 parameterE update THh
w2hA CR Eopoll e At AMS-o HAQ 74, T
A g 2 A& A7, 29EY A4 2 incumbent
user 4%, rendezvous algorithm, 34 A& Fop A
A, A9 Ao, 11 T H2IE AT MAC
pretocol 5O F8 AT Eopolth

(29 6]olA AFE learning algorithms AAE
[Z18 7]¢) REM(Radio Environment Map) 71'd-& =
A 5ted o]9] FE}u]EHE update @t Radio resourses
£ A8, o]E GA(Genetic Algorithm)\} neural
network 59 ¥XEFE AL FIHOE up-
date¥th. REME A" FAel @} local REM 3
glcbal REMO.Z FEETH AAZ A&7 o] F33}
= 7% master operationd= A|AE 0] HEFHOE
A9-E 2F3T, local REME AR AR FHE
updated}7] $1& BHo 2 AMS-HAL

[I. TV White Space0A{2| Cognitive Radio
Jlee S8

CR 71&2 ol 2d3le AY ZE AAd 3
257 9k 2004'35-E IEEE 802.22 WRAN working

_ Network
< Support
External Network - i for
" Cognitive
Radio

{218 7] Radio environment map

12

groupo| X EF3HE Y3 JIE WRAN M| =&
v £3}e] UWBI A1) DAA(Detect and Avoid), WLAN
o2&} DFS(Dynamic Frequency Selection), RFID®]
LBT(Listen Before Talk), XG(neXt Generation) project,
a2 4H Y o5 FA FollA S&ELY Aok &
FoME Hd &8s =97F AWH L Y= IEEE
ECSG(Executive Committee Study Group)®] &&=
A7) gh

ECSGS) &4 w72 2008'd 11€ FCC7L 719
fixed device® 2 o}u] 2} personal/portable device ™= TV
whiteS ©]88%F 48 [EEE 802.11 B IEEE
802.22 5 ZI working group®] personal/portable device
ol hEt BES SAHLE AYsteis YL B
0|2} EC levelol Al ZAE37] % study groupolth
I3 °] study group< TV white space®l A] personal/
portable device®] ©]&-& EZ 87| U8 working
group®] oFY) 7, use cases$k ECSG ] mission 5o th
g o 7AS FE3tY ECl reportdl= X9 group©l
7] W) 2ol AZ A use casesE FF9| IEEE working
group®] &5& AAg} F

3-1 Fixed Type Service

[19Y 8] 712l IEEE 80222 WRANOIA EF
35t Qe MUl geoh stk ok & WA
£ IEEE 802.22¢14 A|A1& A1Z A< internet ser-
vice ¥k o}1] 2} emergency service, military operation,
public safety 522 ThFSAIZTE Mu]2X coverage
U power level, 183 Al A Y& oz 3t 3
SoA WRAN AH|28} 242 Mu]22 27T
itk o] AH] A& point-to-multipoint operation®] 3 €l
ot} o] 3} fixed device E5F geo-location 5% &
z¥2o]ot 3t} 53] fixed master devicew database
access/geo-location, 1231 7} CPE$} A}41¢] sensing
ARE o] &3l A 7hedt AEE AL o]

CPECAl @ FofoF 3irh



BEBHESES 52058 $3k 20005 58

+ Outdoor use cutsids the TV protected contour {41dByuVim)
and beyond the keep-out distance of 2l TV channels used
in the area and their adjacent channels

« Towns, Vilages

[O% 8] Fixed device®] use case

3-2 Fixed TypeZ} Portable Type© &Tt Service

[Z1¥ 9]& regional areaE coverdh= IEEE 802.22
WRAN service$} local area network 2= TV band de-
vice £ WiFig o] 43l use caseolth o] Bl
access point”} white space & ©|-&-3te Afole AR
< use caseoll &3k, local access pointE WiFig
o] &8t A f-ol= WLAN Mu| 29 FU3st Feo]
t} 2+ local access point”7hA| white spaceE ©]&-3}
73 & FE Fug7t GRE oo} 8, BT

4 o] & lo]AM T WRAN network$} local net-
work/\}OH X 4o] a3tk ¥, portable
CR device”} mode I<1A? ol¥ mode I A
M= o7t Hojof gt E3 fixed deviced}9]
AE ngolu} 38 Fo| AES ok gt

[Z2¥ 10]% IEEE 802.22 WRAN service} 5%
&efo]Lt CPE7} fixed7F obd portable Heh ek o]
Aol 7} giek. WEhA o] e fixed base station} por-
table CPE7} 238 point-to-multipoint 3 €] 0]t}

N rlr

3-3 Portable Type Service

[C2¥ 11]2 portable type serviceZ 7] WLAN
e o] MUl 2k 7h53ky, B8 wekrE CPE 7
of point-to-point service™ 7}53tch o] use caseT
IEEE 802.11¢} WLAN service®t frAFste] WLAN wor-

 Indoor or outdoor use outside of both the protectad contour
{41dBuVim) and alsc the keep-cut distance of aif channels
wwmmmmhm«ﬂmﬁm

100mW Personat/
Portable Devices

B . * Onboard.
. Foa L, Roamiog computing dovieos
. N * Inoenal Access
Access point
{Portable TVBD or We-Fi)
100mW Personall 100mW Personal
Portable Devices Portable Devices
* Movabla Systens  Mobile.
. inarnet Access. - Push o Talk.
i+ Orboaed Traors + Intomot Acces
YO “vor
- Brosdeast Rago

[38 9] Fixed device®} portable device®] &3 Au| A
Ul

« Indoor or ouAdoor usa outside of buth the protected cortour
(MQJVIm)mwmwwmdalm

o P
N musein

hS W Flrm ’

100mW Personal

U“m’h!etopolmn ~ ol whare spec"um s avaﬁeb@e

Dminammm>w . ‘

[28 10] Fixed device$} portable device®] &3 Aul 2
24(1)

« Indoos or outdoor use outside of both the protected contour
(44dBUVAT) and also the keep-out distance of all channels o
channels in use in the area of operation
« Access Pomnts
» Unficensed Voice Apphcations -~ ex: Femtocell-fike
« Point-40-Point Wireless (ie Peer to peer/DLS)
.

Portadity
« Body Area Networks (BAN) - may not be broadband tnlemet access
* Area

* indoor Networks
PAN

-&Wm

[12 11] Portable device®] use case

ParsonalPortable Devices

king groupll A} wj-¢- #4jo] Wt FHH, [EEE 802.22
WRAN working groupdl M= Al AL e

13



E£7%--Cognitive Radio 7|& ¥ EX3 =&

ook

WRAN EF9 3497 personal/portable device®|
#2312 AP3H L $H)5k o] % working group
ol AEE FF8 A ANHL T

og

IV. Cognitive Radio 7| &S 0|88 EE3 &

4-1 IEEE 80222 BZ3}

TV-r-‘}'r e Ast EAJo] w5 v
g o] A FolM AME3EA ¥ U Aol 3
o}, wEkA °] A FUFE G5t AHEHA &
E TV oA £A Aefyl Mu2E AFat7] 9
sl 332 A8t 9l IEEE 80222 97 1
FolMe BE3 A ¥ FFE AHEIA
IEEE 802.22 WG(Working Group) 7=, 7utth, B2
g2 53 o] ZEF AlF AFoM FA AHY
H&ol 7k 7] st VHF/UHF B9 TV
e F AMEEA g Ade &8st ADSLolY
Aol B FF MUAE AFTE F Ue &
g AR —E—X#gi 20043 1€ ZAHAT
WG FCCollA w88 “Unlicensed operation in the
TV broadcast bands(FCC 04-186)"% EUIZ 2005 1
455 20053 9¥7kA Functional Requirements Do-
cument(FRD)E 2438 th. o] FRDA WEH A~
A Z A= 33 kmo] 3L, CPE(Customer Premise Equip-
ment)9] H AL 4 watt, TP T MH] 2 availa-
biiity F(50, 99.9)8 TH3TE AUAE AP} EE
o] itk [1¥ 12]= WRAN(Wireless Regional Area
Network) AB] 2] 7ki2t £ 9 Au| A A A
of gk 7Hg Al Lolth 1 12]el1A 5 km ©]W)
9] villagex Wibro T mobile WiMaX & ©|-§-3}4
MU 25 A FEEL, 5~40 km2] rural area WRAN
system2. 2 service® A &th= Jldelth WRAN
systemol A BERZ 3t M99 AT YrE 1259
ka' BE9) rural area©]th.

14

2005 1149 ALME T 23 F 99
proposal®] AFHAL, tFE< At 7F OFDMA
(Orthogonal Frequency Division Multiple Access) 71&&
J|Mo 2 3 74 H& J|ed 2HEG A Vles
Z7159 1, o1& 938 MAC protocolS A QHstth
2006%d 19 3|2JollA ETRI-SAMSUNG-PHILLIPS &
o] B33t wolA 1§52 g AN BES
2 253 IAT, o9 FF2Z 20061 38 39
o) &= RUNCOM-ST Micro 59 E& ZZXH A
¢t 2§l WA IFd F#sted destdth
]—?— SEEES et mandatory 7152 optio-

17158 A3, 47 At dig A%< o
T ok dA+= working group ballot Fo Y& com-

mentsZ resolutiond} 7 Atk
4-2 ECMA BZ3} 5

ECMASI A9 CR 52 TV white spaces o] &
3t personal/portable device7} video streaming  H&
e £ e THAEAN 52 AAST Utk 9
£ 9)3led ECMA TC-48 TG1oIA 2009d 1956 B
s}S AlFHate 2009 129 BFSE dEddE
EE 7ML AGS AYSL Stk [T 13]0 &
A8k vt} 7Z+o] 7k A TV white spaceE ©]-2-3t

(18 12] WRAN AH| 2] 744zt £ 2 % Au] 2 7]
HE Ao g Ave L



BEBRLBREE £20% H3I% 2009F 58

video streaming 5 FAEAE FATE ALE A
g EXo] £& TV white spaceE AHE3IH 30 m ©]
W2 single hop© 2 BAI0] Tt 2 1%

e Aol
V.4 B

Spectrum access 71 & A 7] dAF oA
Z) 9] exclusive usage rightso A Bl A&} dyna-
mic spectrum accessZ S Utk o] F M cog-
nitive radio 7% S E A ALY o] § &S
108 oA 71527 Eol 7|eEAN v} ZEs
A3le) A4 7ie2 A FE RoE AP o
n] UWBE ¥]#3l4 RFID, WLAN, 01554 § B
& BopolM ALEEHT 91T, F4 FHA T ARl
o€ gk 34, IEEE 802004E 20043 ©}F
fixed device?] WRAN AH] 29 RFE3H 23
o1} FCC7F 20083 119 fixed device$t portable de-
vice =% TV white space ©]-8-& 3]-83HA 3F por-
table device®) EF3toll B2 A4S YehliE 3o
o] vt & ECMAYI A& indoor® A CR 71&-& o4
&t video streaming 5 H4de BEE A F
ol 12, ITU-RANAMZ CPC(Cognitive Pilot Channel)
g o] &3 o]EEXS EEHU network accessE

AEs T Ytk 3, IMT-Advancedol 4 2] self-orga-

[12 13] ECMASIM 9 CR Mulx 2d

nizing network SO1%= CR 7]%0] A48 AR o4

=1k

b

1]
MO
ot

[1] J. Mitola III, "Cognitive radio for flexible mobile
Multimedia communications", IEEE Mobile Multi-
media Conference, pp. 3-10, 1999.

[2] J. Mitola 11T, Cognitive Radio: An Integrated Agent
Architecture for Software radio architecture, Ph. D
Dissertation, Royal Institute of Technology (KTH),
May 2000.

[3] M. Beach, D. Bourse, K. Cook, M. Dillinger, T.
Farnham, and T. Wiebke, "Re-configurable termi-
nals beyond 3G", Proceedings of the Wireless World
Research Forum (WWRF) Second Meeting, Helsin-
ki, Finland, May 2001.

[4] T. Reynolds, "Advanced wireless technologies and
spectrum management”, {TU Seminar, Feb. 2004.

15} FCC report, Report of the interference protection
working group, Nov. 2002.

[6] FCC Notice of Proposed Rule Making, Unlicensed
Operation in the TV Broadcast Bands, FCC 04-186
May 2004.

[7] Donald Evans, Spectrum Policy for the 21st Cen-
tury-The President’s Spectrum Initiative: Report, Jun.
2004,

[8] IEEE 802.22 WG, Functiona! Requirements for the
802.22 WRAN Standard, Sep. 2005.

191 FCC Report & Order, Unlicensed Operation in the
TV Broadcast Bands, FCC 08-260 Nov. 2008.

[10] Mark Cummings et al., ECSG ad-hoc use case tu-
torial, sg-whitespace-09-0052-0000, Mar. 2009.



E&Cognitive Radio 7|& ¥ EX3t 58

WXAAN =
4 &8 F

n

1980Q: #=%
L))

19883 #33487ied Hol 2 AXE
&3} (F844h

19934 §=Hried 47 2 AAF
EENELIA

1979 128 ~1983d 39: ADD ¢7¢

19833 39 ~&A: #FAATAATE AsrledT R

(F ZAZ0H ds =Y 0% 7ig, Az 87 7], <
L}714, Cognitive Radio, ©1% 54 2 W4 7l ¥

oft
E
l?‘.:
£
2
24
ofl
-L?—‘:
j:«_L
of

-

16



